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Objective: To describe the frequency of meniscal and cruciate ligament damage by magnetic resonance
imaging (MRI) and to examine its association with knee pain in community residents in Korea.
Methods: Participants were randomly chosen regardless of knee osteoarthritis (OA) or pain from the
population-based Hallym Aging Study. Demographic and knee pain data were obtained by questionnaire.
Radiographic evaluations consisted of weight-bearing knee A-P radiographs and 1.5-T MRI scans. We
assessed the integrities of the menisci and cruciate ligaments in the dominant knee of subjects without
knee pain or in the more symptomatic knee among subjects with knee pain, and examined their asso-
ciation with knee pain using a logistic regression model.
Results: The mean age of the 358 study subjects was 71.8 years, and 51.4% were women. Meniscal and
cruciate ligament damage were present in 49.7% and 8.0% of men and in 71.2% and 26.9% of women,
respectively. The presence of meniscal damage was signiﬁcantly associated with the presence of knee pain
among subjects without radiographic knee OA (ROA), but not among subjects with ROA. The presence of
cruciate ligament tear was associated with knee pain in subjects with or without ROA. The severity of knee
pain was signiﬁcantly correlated with medial meniscal damage grade but not with cruciate ligament tear.
Conclusion: Incidental meniscal or cruciate ﬁndings on MRI were common in this elderly population.
Among subjects without ROA, the presence of meniscal or cruciate damage was signiﬁcantly associated
with knee pain. The medial meniscal grade was signiﬁcantly correlated with knee pain severity.
 2011 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.Introduction
Knee pain is a common problem in older adults, and its preva-
lence increases with age1. Osteoarthritis (OA) is a leading cause of
knee pain and physical disability, and knee pain resulting from OA is
a key symptom inﬂuencing the decision to seekmedical attention2,3.
Although recent studies analyzing subjects with asymmetrical knee
pain revealed a strong association between knee pain and radio-
graphic knee OA (ROA)4, knee pain is commonly reported in the
absence of knee OA, especially among women; this suggests thation of rheumatology, Depart-
Heart Hospital, 896 Pyong-
Republic of Korea. Tel: 8231-
Elsevier Ltd on behalf of Osteoartknee pain may arise from a variety of structures not visualized in
simple radiograph, such as menisci, ligaments, and bone marrow5.
Magnetic resonance imaging (MRI) is widely used for noninvasive
examination of patients with musculoskeletal complaints. In the
evaluation of arthritic change, MRI allows the clinicians and
researchers to visualize and quantify the changes in articular cartilage
and periarticular structures of the knee without exposing patients to
ionizing radiation6. MRI has demonstrated high sensitivity and
speciﬁcity formeniscal and cruciate ligament tears [89%, 72%, and96%
sensitivity, and 84%, 93%, and 98% speciﬁcity for medial meniscal,
lateral meniscal, and anterior cruciate ligament (ACL) tear, respec-
tively]7,8. Thus, MRI is often used to guide therapeutic decisions in
patients with knee pain, such as whether to perform arthroscopic
surgery.
However, in a previous study determining the association
between meniscal damage and knee pain in a large sample ofhritis Research Society International.
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general population, incidental meniscal ﬁndings on MRI of the knee
were common. More importantly, the majority of meniscal damage
was found in persons without knee pain, aching, or stiffness9. In
a study involving154 symptomaticOApatients, pain severitywasnot
greater inOAkneeswithmeniscal tears than in thosewithout tears10.
In another cohort of patientswith painful kneeOA, complete ACL tear
was seen in 23% of subjects, and subjectswith complete ACL tears did
not have more pain on a visual analog scale (VAS) compared with
those with intact ACLs11. These data suggest that incidental meniscal
and cruciate ligament ﬁndings are common amongmiddle-aged and
elderly persons, especially among thosewith knee OA, and that these
ﬁndings do not correlate with the presence or severity of knee pain.
Although both population aging have taken place at a much
faster pace in Asian countries, such as South Korea, and the prev-
alence of knee OA in East Asia is higher than that reported in the
Caucasian population12, no studies have examined the frequency of
meniscal and cruciate ligament damage or its implication on knee
OA and knee pain in Asian population. The objective of this study
was to describe the frequency of meniscal and cruciate ligament
damage and to examine the association of these ﬁndings with knee
pain in community residents in Korea.
Method
Subjects
The Hallym Aging Study (HAS) is a prospective cohort study
investigating thehealthof elderly community residents inChunchun,Fig. 1. Recruitment and follow-up of HAS participana city approximately 120 km east of Seoul, Korea. This ongoing study
commenced in 2004, with follow-up examinations scheduled every
3 years. The study population consisted of both residents from agri-
cultural (67%) and urban (33%) area. Itsmethods have been described
in detail elsewhere13. Brieﬂy, 1489 subjects among 71,061 residents
with age 50 years in Chunchun were selected and contacted
according to residential area based on Korean National Census data
for 200014. We selected the study subjects intentionally so that those
over 65 years of age represented approximately 70% of the study
cohort. Otherwise, the selection process was random. Subjects were
invited both by the telephone and mail to the study with the
announcement that “This is a study evaluating general health and
physical function in the elderly”. Knee pain or arthritis was not
mentioned in the study advertisement. A total of 918 subjects
participated in the ﬁrst triennial examination in year 2004. Seven
hundred and two subjects from the second triennial examination
were eligible for this study (Fig. 1). A total of 129 refused to undergo
the OA substudy. Subjects who refused to undergo the OA substudy
were signiﬁcantly older than thosewho participated (mean age, 72.3
vs. 70.4 years); however, the sex ratio was not different. Of the 573
remaining subjects, 400 were randomly chosen for knee MRI
regardless of the presence of knee pain or of ROA. Thirty-six declined
to undergo knee MRI, three had previously undergone bilateral total
knee replacement, and three had contraindications to MRI, leaving
358 subjects who underwent knee MRI. The ethics committee of
Hallym University approved the study protocol. Written informed
consent was obtained from all study participants. The study proce-
dures followed were in accordance with the Helsinki Declaration of
1975, as revised in 2000.ts and enrollment into the knee OA substudy.
Table I
Baseline characteristics of the subjects
Variable Subjects (N¼ 358)
Age (years, mean SD) 71.8 5.8
Female 184 (51.4)
BMI (kg/m2, mean SD) 24.5 3.3
Education (years, mean SD) 6.2 4.9
Manual occupation 78/357 (21.9)
Regular exercise 93 (26.0)
Previous or current smoker 150 (41.9)
WOMAC pain (0e500, mean SD) 106.1 134.3
WOMAC stiffness (0e200, mean SD) 36.2 56.0
Characteristics of the scanned knee
Any pain or stiffness in the previous month 168/357(47.1)
Pain or stiffness on most days 114/357(31.9)
Previous injury 15/357(4.2)
Radiographic OA 120/348(34.5)
Symptomatic OA 67/348(19.3)
Except where indicated otherwise, values are n (%). Manual occupation was deﬁned
as work demanding physical exertion (sometimes carrying heavy objects, using
instruments, construction worker, laborer and farmer). Regular exercise was
deﬁned as self-reported exercise more than three times per week. Previous injury
was deﬁned as a knee injury leading to the use of crutches or a cane.
Data were excluded from subsequent analysis due to unevaluable MRI (1),
unavailable responses to the pain questionnaire (1), and missing radiograph (10).
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tionnaire. Kneepainwas screenedbyasking, “Haveyoueverhadpain,
aching, or stiffness in your knee lasting at least a month?” “Did you
havepain, aching, or stiffness ineitherof yourknees lastmonth?” and
“Doyou have pain, aching, or stiffness in either of your knees onmost
days?” Thosewho answered yes to any of these questionswere asked
additional questions about their more symptomatic knee and
previous knee injuries. History of knee injury was veriﬁed by the
following question: “Have you ever had a knee injury requiring the
use of crutches or a cane?” All subjects were also evaluated using the
validated Korean version of Western Ontario and McMaster Univer-
sities (WOMAC) Osteoarthritis Index questionnaire subscales for
pain, stiffness and physical function15. Each question was scored on
a 100-mm visual analog scale (VAS; 100¼most severe pain).
Radiographic assessment
Radiographic evaluations consisted of weight-bearing ante-
roposterior, 1417-inch, semiﬂexed knee radiographs. A Plexiglas
frame (SYNARC, San Francisco, CA, USA) was used to standardize
knee positions according to the manufacturer’s recommendations.
Knees were evaluated for osteophytes, joint space narrowing, sub-
chondral sclerosis, and cysts, andwere graded for overall evidence of
radiographic OA using the KellgreneLawrence (KeL) grade, which
allocates grades of 0e4, where 0¼ none; 1¼ possible osteophyte;
2¼ deﬁnite osteophytes and/or possible joint space narrowing;
3¼moderate osteophytes and/or deﬁnite joint space narrowing;
and 4¼ large osteophytes, severe joint space narrowing, and/or bony
sclerosis16. ROA was deﬁned as being present if the subject hadTable II
Prevalence of meniscal damage
Meniscal damage Medial meniscus
No. % (95% CI)
Men (173)
One or more damage without destruction 79 45.7 (38.4e53.1)
Destruction 0 0 (0e1.9)
Any damage 79 45.7 (38.4e53.1)
Women (184)
One or more damage without destruction 122 66.1 (59.2e72.8)
Destruction 2 1.6 (0e4.1)
Any damage 124 67.2 (60.3e73.8)
One of the original 358subjects was excluded due to ankylosis of all 3 joint compartmena radiographic KeL grade 2 in the tibiofemoral joint. All radio-
graphs were read twice with at least a 2-week interval between two
readings by one reader, an academically based rheumatologist (HAK)
who was unaware of knee pain status or MRI ﬁndings. The repro-
ducibility of intra-reader assessments was high with the weighted
kappa on KeL grade of 0.86 [95% conﬁdence interval (CI) 0.80e0.91]
and on K-L grade 0 or 1 (non-OA) vs. KeL grade 2(OA) of 0.89 (95%
CI, 0.83e0.94). Films that were assigned different KeL grades at the
two readings were adjudicated by consensus between the original
reader and a second reader (DJH). The weighted kappa was 0.84 on
non-OA vs. OA (95% CI 0.67e1.01) for inter-reader reliability.
MRI and evaluation of meniscal and cruciate ligament damage
Each subject underwent an MRI of one knee. In subjects with
knee pain, the more symptomatic knee was chosen. For subjects
without knee pain, the dominant knee was selected for imaging.
Knee dominance was determined by the following question:
“When you start to kick a ball, which foot would you use ﬁrst?”MRI
scans of the knee were obtained with the use of a 1.5-T scanner
(Philips, Andover, MA) with a phase-array knee coil. The imaging
protocol included sagittal 3D water-selective exciting cartilage 3
ﬂuid (repetition time, 20 ms; echo time, 7.8 ms; slice thickness,
3.0 mm; interslice gap, 1.5 mm; ﬁeld of view, 150150 mm;
matrix, 304 304), sagittal T2 fat-suppression (repetition time,
2789.6 ms; echo time, 60 ms; slice thickness, 4.0 mm; interslice
gap, 0.4 mm; echo spacing, 13.3 ms; ﬁeld of view, 160160 mm;
matrix, 208 166), sagittal proton density fat-suppression images
(repetition time, 2000 ms; echo time, 15 ms; slice thickness,
4.0 mm; interslice gap, 0.4 mm; echo spacing, 15 ms; ﬁeld of view,
160160 mm;matrix, 224 224), coronal water-selective exciting
cartilage 3 ﬂuid images (repetition time, 20 ms; echo time, 7.7 ms;
slice thickness, 3 mm; interslice gap, 1.5 mm; ﬁeld of view,
160160 mm; matrix, 304 304), and axial T2 fast-ﬁeld-echo
images (repetition time, 439.2 ms; echo time, 13.8 ms; slice thick-
ness, 4 mm; interslice gap, 0.4 mm; ﬁeld of view, 140140 mm;
matrix, 256 256).
The MRI scans were read by a musculoskeletal radiologist (MDC)
with whole-organ magnetic resonance imaging scoring (WORMS17).
Patients were assessed for meniscal and cruciate ligament damage.
The reader was unaware of the characteristics of the subjects and of
the clinical and radiographic data. The three segments of both the
medial and lateralmenisci (i.e., the anterior horn, body, and posterior
horn) were assessed separately. We scored an increased meniscal
signal as a meniscal tear when the increased signal communicated
with the inferior, superior, and/or free edgeof themeniscal surface on
at least two consecutive slices using T2-weighted sequences. A radial
tear was deﬁned as a tear visible in one slice and on both coronal and
sagittal images. Meniscal morphology by WORMS was graded as
follows: 0¼ intact, 1¼minor radial tear or parrot-beak tear,
2¼ nondisplaced tear (including horizontal, vertical, and obliqueLateral meniscus Medial or lateral meniscus
No. % (95% CI) No. % (95% CI)
17 10.3 (6.1e15.3) 86 49.7 (42.4e57.1)
0 0 (0e1.9) 0 0 (0e1.9)
17 10.3 (6.1e15.3) 86 49.7 (42.3e57.1)
30 16.7 (11.6e22.4) 128 69.4 (62.6e75.8)
2 1.6 (0e4.1) 3 2.2 (0.3e4.9)
32 17.7 (12.6e23.6) 131 71.0 (64.3e77.3)
ts, precluding evaluation of meniscus or anterior cruciate ligament.
Fig. 2. Prevalence of meniscal tear according to age and sex. Fig. 3. Prevalence of cruciate ligament tear according to age and sex.
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ﬂap tears and bucket-handle tears), partial resection, or partial
maceration/destruction, and 4¼ complete maceration/destruction
or complete resection. Meniscal damagewas deﬁned as grade1 for
any segment of the medial or lateral meniscus. For the cruciate
ligaments, a tear was deﬁned as partial or complete interruption of
the cruciate ligament or lack of visualization of an intact cruciate
ligament on both the sagittal and coronal images, and was scored as
grade 1. Normal cruciate ligaments were scored as grade 0. A random
subset of images (n¼ 38) was re-read for intraobserver reproduc-
ibility (k for meniscal damage¼ 0.66e1 for various meniscal
segments, and k for complete ACL tear¼ 1).
Statistical analysis
We calculated the frequency and 95% CI of meniscal and
cruciate ligament damage on MRI. We examined the relationship
between meniscal or cruciate ligament damage and the presence
of knee pain using logistic regression. For this, data for 12 of the
358 subjects were excluded due to unevaluable MRI (1),
unavailable responses to the pain questionnaire (1), and missing
radiograph (10). In the multivariable logistic regression model,
we adjusted for sex, age, and body mass index (BMI). We divided
the WOMAC pain subscale score into four categories (0, 1e100,
101e300, and 301e500) and used a proportional odds model to
examine the relationship of meniscal damage grade and cruciate
ligament tear to pain severity categories while adjusting for age,
sex, KeL grade, BMI and other MRI features previously reported
to be associated with knee pain (cartilage morphology, bone
marrow edema and synovitis). In addition, the association
between the number of segments with meniscal lesions (0e6, for
the anterior horn, body, and posterior horn of each medial and
lateral meniscus) and pain severity was examined. All tests were
2-tailed, and P-values of less than 0.05 were considered statisti-
cally signiﬁcant. Analyses were performed with SAS software
version 9.1 (SAS Institute, Cary, NC).Table III
Prevalence of cruciate ligament tear
Cruciate
ligament
tear
Anterior cruciate
ligament
Posterior cruciate
ligament
Anterior or posterior
cruciate ligament
No. % (95% Cl) No. % (95% Cl) No. % (95% Cl)
Men (173) 9 5.7 (2.6e9.7) 6 4.0 (1.4e7.5) 13 8.0 (4.3e12.5)
Women
(184)
48 26.3 (20.3e32.9) 9 5.4 (2.5e9.2) 49 26.9 (20.8e33.5)
One of the original 358subjects was excluded due to ankylosis of all 3 joint
compartments, precluding evaluation of meniscus or anterior cruciate ligament.Results
Baseline characteristics of the study subjects are shown in Table I.
The mean age of the subjects was 71.8 years (range, 51e87 years),
and 51.4% (n¼ 184) were women. Of the knees scanned, 172 (48.8%)
were not painful. Right knees were scanned in 129 (75%) and 121
(65.0%) of nonpainful and painful knees, respectively.
As shown in Table II, the prevalence of meniscal damage was
49.7% in men and 71.0% inwomen. It ranged from 34.2% among men
<69 years of age to 89.1% among women>75 years of age (Fig. 2). In
both men and women, meniscal damage occurred more frequently
in themedial than in the lateral meniscus, The prevalence of cruciate
ligament tear was 8.0% in men and 26.9% in women, ranging from
2.4% among men <69 years of age to 31.4% among women
70e74 years of age (Table III, Fig. 3). Women had a higher prevalence
of meniscal or cruciate ligament damage in all age groups than did
men. Such ﬁndings were evident in both medial and lateral menisci
as well as in anterior and posterior cruciate ligaments. History of
knee injury in the scanned knee was not signiﬁcantly different
between those with meniscal damage and those without (5.1% vs.
2.1%); however, subjects with cruciate ligament tears had a higher
prevalence of a history of knee injury compared with those without
such damage (9.5% vs. 2.7%, P¼ 0.012).
The association betweenmeniscal/cruciate ligament damage and
the presence of knee pain according to ROA, (KeL grade2) status is
shown in Table IV. Among the knees without ROA, meniscal damage
was signiﬁcantly associated with the presence of knee pain. Similar
ﬁndings were observed among the knees with ROA, although the
association between meniscal damage and knee pain was not
statistically signiﬁcant because of the small number of kneeswithout
such lesions. The presence of either anterior or posterior cruciate
ligament tear was signiﬁcantly associated with knee pain in subjects
both with and without knee OA. The prevalence of meniscal damage
was signiﬁcantly higher among subjects with ROA than among those
without ROA (95% vs. 42.5%, respectively; P< 0.001), and the prev-
alence increased with a higher KeL grade (P< 0.001 for trend). The
prevalence of cruciate ligament tear was also signiﬁcantly higher
among subjects with ROA than among those without ROA (37.5% vs.
7.5%, respectively; P< 0.001), and the prevalence increased with
a higher KeL grade (P< 0.001 for trend).
Further analysis showed that maximal medial meniscal damage
grade, deﬁned as the highest meniscal grade in any segment, was
signiﬁcantly associated with the severity of pain measured by
WOMAC pain subscale after adjustment of age, sex, BMI, and KeL
grade of knee OA (Table V). The signiﬁcance remained after adjust-
ment of additionalMRI features, cartilagemorphology, synovitis, and
bone marrow edema. On the other hand, the association between
maximal lateral meniscal grade and the knee pain severity was not
Table IV
The association between knee pain and meniscal damage or cruciate tear among
subjects with or without ROA
knee pain Odds ratio (95% CI)
Yes No Unadjusted Adjusted
Radiographic OA (120)
Meniscal damage 60 (52.6) 54 (47.4) 5.56 (0.63e49.05) 5.25 (0.56e49.44)
No meniscal
damage
1 (16.7) 5 (83.3)
Cruciate tear 31 (68.9) 14 (31.1) 3.32 (1.12e7.26) 2.60 (1.14e5.92)
No cruciate tear 30 (40) 45 (60)
No radiographic OA (226)
Meniscal damage 26 (27.1) 70 (72.9) 2.17 (1.12e4.21) 2.36 (1.18e4.71)
No meniscal
damage
19 (14.6) 111(85.4)
Cruciate tear 8 (47.1) 9 (52.9) 4.13 (1.50e11.42) 3.88 (1.36e11.06)
No cruciate tear 37 (17.7) 172 (83.3)
Knee pain was deﬁned as knee pain, aching, or stiffness in the scanned knee
(more symptomatic knee or dominant knee) on most days. Data for 12 of the 358
subjects were excluded due to unevaluable MRI (1), unavailable responses to the
pain questionnaire (1), and missing radiograph (10). The odds ratio is adjusted for
age, sex, and BMI.
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segments involved was also signiﬁcantly correlated with the knee
pain severity after adjusting confounders (P for linear trend, 0.010,
data not shown). ACL tear was signiﬁcantly associated with the
severity of knee pain after adjustment of age, sex, BMI, and KeL
grade of knee OA (Table VI). No such correlation, however, was
observed after adjustment of additional MRI features.Discussion
Among middle-aged to elderly community residents in Korea,
meniscal or cruciate ligament damage was common, especially in
women. The presence of meniscal and cruciate damage was signiﬁ-
cantly associated with the presence of knee pain among subjects
without ROA. Although meniscal damage was not signiﬁcantly
associated with knee pain among subjects with ROA, the maximal
medial meniscal damage grade was signiﬁcantly correlated with the
severity of knee pain asmeasured by theWOMAC pain subscale after
adjusting age, sex, BMI, KeL grade of knee radiographs and MRI
features of cartilagemorphology, synovitis and bonemarrow edema.
A pivotal previous study of incidental meniscal ﬁndings among
elderly subjects showed that the prevalence of meniscal damage
detected in the right knee was 35%, and the prevalence increased
with increasing age in both sexes9. The high prevalence of meniscalTable V
The association between the maximal meniscal grade and WOMAC pain VAS score
Maximal meniscal grade Crude model Adjusted model 1* P for line
trend
OR (95% CI) OR (95% CI)
Medial
(out of 3 sites)
0e1 1.0 1.0 0.007
2 1.68 (0.99-2.84) 1.62 (0.91w2.908)
3e4 3.57 (2.29w5.58) 1.87 (1.05w3.35)
Lateral
(out of 3 sites)
0e1 1.0 1.0 0.752
2 2.14 (0.89w5.15) 1.80 (0.71w4.53)
3e4 1.82 (0.84w3.96) 0.68 (0.29w1.62)
Medial or lateral
(out of 6 sites) 0e1 1.0 1.0 0.017
2 1.64 (0.96w2.80) 1.68 (0.93w3.03)
3e4 3.34 (2.15w5.19) 1.81 (0.99w3.31)
Maximal meniscal damage grade was deﬁned as the highest meniscal grade in any segm
101e300, and 301e500) and the association between the maximal meniscal grade and
* Adjusted model 1: adjusted for age, sex, radiographic severity (KeL grade), and BMI
y Adjusted model 2: adjusted for age, sex, radiographic severity, BMI, and maximal gr
z Adjusted model 3: adjusted for age, sex, radiographic severity, and BMI, and maximdamage in our study cohort (60.8%) may have resulted from our
selection criteria of knee scanning. Although we did not preferen-
tially select the subjects with knee pain in the overall cohort, we
chose the knee for scanning based partly on symptoms, i.e., a more
painful knee in those with knee pain. The prevalence of ROA in the
scannedknee inour cohortwas34.5%, about twicehigher than that in
the Framingham study (18%). It is also possible that those with knee
pain were more willing to have MRI exam. The prevalence of ROA in
the whole OA substudy population of our cohort was slightly higher
than that of the scanned knee (37.3% vs. 34.5%), however, and it is not
likely that we selected signiﬁcantly more OA subjects for our MRI
study.
Many previous studies have reported aweak association between
meniscal damage and knee pain among OA subjects9,10,18. The pres-
ence ofmeniscal damagewasnot associatedwith thedevelopmentof
knee symptoms in a 15-month follow-up among middle-aged and
older adults with knee OA19. The prevalence of meniscal damage in
OA subjects was 95% in our study, which is comparable to previous
reports of 67e90%10,16,20,21. This high prevalence of meniscal damage
among knee OA subjects may make it difﬁcult to examine its inﬂu-
ence on knee pain independent of OA. Thewide 95% CI for odds ratio
of meniscal damage among OA subjects (Table II) very likely reﬂects
the small number of knees without this feature among OA knees.
Meniscal damage was signiﬁcantly associated with knee pain in
subjects without ROA in our cohort, and this result was in line with
that of a previous study9. In addition, themeniscal damage gradewas
signiﬁcantly correlated with pain severity after adjusting for
confounders of knee pain in our cohort. Because only the outer part of
themenisci is innervated, it is plausible that lower grade tear, such as
minor radial tear, does not lead to knee pain. A previous study re-
ported that the meniscal tear grade in the knee compartment with
the worst cartilage morphology score was related to knee pain
severity measured among subjects with knee OA, suggesting that
exclusion of less diseased or nondiseased areas of the knee may be
more relevant for interpretation of meniscal damageepain relation-
ship22. A cautionary note is warranted for our analysis. Because we
used VAS instead of Likert scale for WOMAC pain, we had to set cut-
off points for each pain subscale category rather arbitrarily. However,
using different cut-off points led to similar results. Another caution
for interpretation of the association between meniscal damage and
knee pain among knee OA subjects is that meniscal damage itself is
a risk factor for knee OA. In this case, if the progression of knee OA
causespain, the inﬂuenceofmeniscal damageon the risk of kneepain
would be diluted in OA subjects due to conditioning on a common
effect23.ar Adjusted model 2y P for linear
trend
Adjusted model 3z P for linear
trend
OR (95% CI) OR (95% CI)
1.0 0.017 1.0 0.026
1.60 (0.89w2.86) 1.36 (0.75w2.49)
1.74 (0.94w3.20) 1.73 (0.94w3.20)
1.0 0.616 1.0 0.161
1.80 (0.71w4.56) 1.62 (0.63w4.17)
0.58 (0.23w1.48) 0.40 (0.16w1.01)
1.0 0.028 1.0 0.138
1.68 (0.93w3.03) 1.32 (0.71w2.45)
1.72 (0.92w3.20) 1.46 (0.78w2.76)
ent of meniscus. WOMAC pain VAS score was divided into 4 categories (0, 1e100,
pain score was analyzed using a proportional odds model.
ade of bone marrow lesion
al grade of MRI features, i.e., cartilage loss, bone marrow lesion, and synovitis.
Table VI
The association between cruciate ligament tear and WOMAC pain VAS score
Cruciate tear Crude model Adjusted model 1 Adjusted model 2 Adjusted model 3
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Anterior No 1.0 1.0 1.0 1.0
Yes 5.07 (2.96w8.69) 1.88 (1.03w3.45) 1.79 (0.97w3.29) 1.60 (0.85w2.99)
Posterior No 1.0 1.0 1.0 1.0
Yes 1.21 (0.48w3.09) 0.56 (0.19w1.60) 0.42 (0.14w1.29) 0.39 (0.13w1.205)
Anterior or posterior No 1.0 1.0 1.0 1.0
Yes 4.01 (2.40w6.70) 1.65 (0.93w2.94) 1.58 (0.89w2.83) 1.36 (0.75w2.46)
WOMAC pain VAS score was divided into 4 categories (0, 1e100, 101e300, and 301e500) and the association between the presence of cruciate ligament tear and pain score
was analyzed using a proportional odds model. Adjusted model 1: adjusted for age, sex, radiographic severity (KeL grade), and BMI, Adjusted model 2: adjusted for age, sex,
radiographic severity, BMI, and maximal grade of bone marrow lesion, Adjusted model 3: adjusted for age, sex, radiographic severity, and BMI, and maximal grade of MRI
features, i.e., cartilage loss, bone marrow lesion, and synovitis.
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population is scarcely reported, although its reported prevalence
among symptomatic OA subjects ranges from 7% to 30%21,22,24.
Cruciate ligament tears were observed in 37.5% and 7.5% of ROA and
non-ROA subjects in our cohort. The high prevalence of cruciate tear
among non-OA knees is also of note, and again may have resulted
from our selection criteria for knee scanning. In contrast to meniscal
damage, cruciate tear was signiﬁcantly correlated with knee pain in
both OA and non-OA subjects, although its presence did not signiﬁ-
cantly correlate with knee pain severity after adjusting for
confounders. A previous study of OA subjects showed that subjects
with complete ACL tears did not have more pain compared with
subjects with intact ACLs11. Spiking of the lateral tibial tubercle was
reported to be weakly associated with the presence of knee pain
independent of knee osteophytes25. Because anterior cruciate liga-
ment attaches to the tibial tubercle, it would be an intriguing subject
to investigate whether the spiking of tibial tubercle exerts any
inﬂuence on the relationship between cruciate tear and knee pain.
The low rate of knee injury is perplexing because in a previous report
using the same question to screen knee injury as that used in this
study, almost half of the subjects with ACL tears recalled such an
injury11. This difference probably reﬂects the difference in health care
utilization for musculoskeletal problems between our population
and Western populations. Although the overall recall of signiﬁcant
knee injury was low in subjects with cruciate tears (<10%), it was
three-fold higher than that in subjects without cruciate tears.
Our study has strength and limitations. This is the ﬁrst
population-based study utilizing MRI imaging to investigate the
inter-relationship between kneeOA, kneepain andmeniscal/cruciate
damage in Asian subjects. On the other hand, the outcome instru-
ment that we used did not evaluate mechanical symptoms, such as
catching, locking, or “give-in” of the knee; as a result, it might not
have properly evaluated the relevant symptoms caused by meniscal
or cruciate damage. In addition, physical examination for knee
instability was not performed; thus, there was a risk that we did not
appropriately evaluate the importance of unstable meniscal and
cruciate ligament tears. Themainpurpose of this study, however,was
to observe the implication of these lesions in the context of kneepain,
which is a very frequent complaint in this age group. The Meniscal
Symptom Index consisting of four items: localized pain, clicking,
catching, and givingway for the evaluation of symptomatic meniscal
tear may be used in place of physical examination to add more data
on relevant knee symptoms in a future community survey26. Second,
the possibility that we selectively recruited subjects with knee pain
by selecting only thosewho agreed to participate in the OA substudy
cannot be excluded, although 129 subjects who declined to partici-
pate were signiﬁcantly older than those who participated. In addi-
tion, owing to limited research funding, we were unable to perform
knee MRIs for all 573 subjects who participated in the knee OA
substudy. In addition, only A-P knee radiographs were included dueto limitation in budget, so patellofemoral OA could not be evaluated.
Third, selection of the more symptomatic knee for MRI scanning
could also have led to overestimation of the prevalence of meniscal
and cruciate lesions in this population. Fourth, our cross-sectional
design allowed us to examine only the association between knee
pain and MRI ﬁndings, and not the direct causeeeffect relationship.
In real-world clinical practice, however, decisions concerning the
appropriate surgical procedure for knee pain are made evenwithout
evidence of lesionepain association. Finally, pain is a subjective,
complex symptom encompassing joint morbidity as well as
psychosocial factors. Thus, screening and evaluating subjects by
simple questionnaire including only pain presence and severity may
not reﬂect the complex interactions between lesions and pain.
In conclusion, among middle-aged to elderly community resi-
dents inKorea,meniscal or cruciate damagewas commonly observed
even in subjects without knee OA or knee pain. Among subjects
without ROA, the presence of meniscal or cruciate damage was
signiﬁcantly associated with knee pain. The severity of medial
meniscal damagewas signiﬁcantlyassociatedwithkneepain severity
after adjustment of confounders.
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